Abstract. In this paper, CuSO4 and Na2SO3 are the main raw material, the cuprous oxide fine powder was prepared by chemical precipitation. A single variable method was used to study the effect of various factors on powder particle size, and we get the best reaction conditions. The fine power were obtained and analyzed in this concentration condition, the thermogravimetry, differential thermal, specific surface area and aperture diameter of the power by comparing the powder at certain temperature and concentration. We found that the cuprous oxide powder were up to the demand in a reaction temperature of 85℃ and the reaction concentration of 1.0mol/L. It can provide important technical basis for industrial production. According to the experimental design method and the design process, the sample powder with high purity and high temperature stability was prepared. Therefore, it is possible to produce the ideal fine powder cuprous oxide by chemical precipitation method. And with its raw material easy, the equipment requirements are low, easy to operate, product purity and others advantages.
Introduction
Cuprous oxide (Cu2O) fine powder has been widely used in the fields of coating, glass, ceramic, plastic, agriculture and industrial catalysis. Fine powder materials, especially nano-powder materials, contain great potential. The fine powder material are compared with the general powder, and a series of special properties have been found, such as Low melting point, high activity, strong magnetism, good heat conduction, the abnormal absorption of electromagnetic wave by the low active high magnetic heat conduction [1, 2] . The changes of these properties are mainly due to surface effect and volume effect [3] . Although some properties and applications of fine powder material are still to be further developed, the above special properties have opened up bright prospects for its wide application [4, 5] .
Cu2O has good thermal stability, melting at high temperature without decomposing. If the sintering promoter and conductive modifier are added properly in Cu2O, the ideal electric ignition semiconductor ceramic material can be manufactured [6] . Cu2O is used in the electronics industry as a rectifier, a sensor, a superconductor [7] . An additive used as grease in the machinery industry [8] . It has important potential applications in catalytic hydrogen production and electrochromism [9] . Nano-cuprous oxide has attracted the attention of environmental researchers in the field of environmental protection due to its excellent photocatalytic performance. As a green photocatalyst with promising prospect, Nano-cuprous oxide has great potential in the field of photolysis of water [10] . Therefore, the preparation of cuprous oxide is one of the hot spots [11, 12] . There are many methods [13, 14] , such as the physical method [15, 16] , radiation method [17] and the chemical method. Chemical methods are commonly used, including solid phase method, electrolysis method, gas phase method, polyol method, chemical precipitation method, etc [18, 19] . These methods have their own characteristics. Such as solid phase method of low purity of product and powder particle size depends on the thickness of copper powder and cupric oxide powder raw material, after high temperature reaction of cuprous oxide easy to harden difficult to disperse labor intensity big high energy consumption. Because the electrolytic method is the High power consumption and low production, and its development is limited. The polyol method is simple and easy to operate, but the particle size of nanoparticles prepared is larger, moreover, the factors such as temperature, heating rate, stirring speed and length of reaction time can influence the particle size and the performance of powder. In this paper, cuprous oxide powder samples were prepared by chemical precipitation method. The preparation process is simple and the powder has good performance, and in the process, many processes are improved. The experimental results show that the chemical precipitation, reasonable control reaction conditions can be more ideal micro powder cuprous oxide was prepared, and with its reactants, requirements for equipment is low, easy to operate, product purity, etc to provide important technical basis for industrial production.
Experiment

Reagents and Instruments
Copper sulfate (CuSO4ꞏ5H2O,AR), anhydrous sodium sulfite(Na2SO3,AR), glacial acetic acid(CH3COOH,AR), sodium acetate(NaAc, AR), absolute ethyl alcohol(C2H6OH,AR), barium chloride(BaCl2, AR).Electronic balance(FA2104S, Shanghai shun hengping science instruments co. LTD), centrifugal machine(L2-4K, Hunan Kecheng instrument equipment co. LTD), vacuum drying oven(DZF-6020, Shanghai yiheng science instruments co. LTD), thermal gravimetric analyzer (HTG-3, Beijing hengjiu scientific instrument factory), granulometer (Rise-3002 Jinan resources equipment co. LTD), Microporous surface analyzer (3H-3000PM1, Beijing beishide instrument technology co. LTD), supersonic cleaner(KQ3200B, Kunshan ultrasonic instrument co. LTD), thermogravimetric Analysis(HTG-3, Beijing hengjiu scientific instrument factory).
Preparation of Solution
45.9g of copper sulfate is dissolved in 100 ml of water, transfer to 200mL volumetric flask and dilute to calibration. 125.2g of anhydrous Na2SO3 is dissolved in 100mL water and is transferred into 200mL volumetric flask, diluted to scale and mixed uniformly(compound when it is in need).18.0g sodium acetate is dissolved in of water, then add the glacial acetic acid 9.8mL, dilute with distilled water to l.0L.
Principle of Reaction
The sulfite reduction copper sulfate method is the two solutions of CuSO4 and Na2SO3 ,were respectively prepared with a certain concentration of solution, place the solution in an oil bath and keep it 80-85℃.
With the experimental reaction, the solution becomes more acidic, you can add a buffer solution to keep the pH constant. Keep the solutions boiling for about 2h, when the precipitate changes to brownish red or amaranth, the SO2 gas escape decreases and stops heating. The sediment was washed several times with distilled water or anhydrous ethanol, after drying about 4h in a vacuum drying oven, grinding crushed, after sieving is finished product.
The Preparation Steps
The first step is the three solutions are preheated separately.
Hybrid reaction: The first thing is to pour the buffer into a copper sulfate solution or sodium sulfite solution, and then mix them up, CuSO4 Na2SO3 cannot be mixed before adding buffer solution. Because CuSO4 or Na2SO3 will be reacts when a certain temperature is mixed, the resulting SO2 increases the acidity of the solution, resulting in the dissolution of the product.
Washing powder: Cleaning is very important in the process of synthesizing powder. In the process of cleaning, it not only avoids the contamination of the external impurities, but also completely removes other components other than the powder, and the degree of washing directly affects the purity and dispersion of the powder. In this paper, the powder produced was cleaned 4~5 times with 300mL distilled water or anhydrous ethanol, and then the upper clear liquid test does not contain SO4 2- . Decentralized processing: The powder was dispersed for 15min by ultrasonic cleaner. Dry powder: In the vacuum drying oven, the dispersed powder is dried 4h under the condition of 85℃.
Powder to save: Store the dried powder in a dryer.
Results and Discussion
The Effect of Temperature on the Experiment
Under the condition of the same concentration of reaction, control of reaction system pH = 4.5, dosage of buffer solution was 2.0 mL, the reaction time under the condition of constant conditions of 90 min, studied the reaction temperature at 75 ℃, 80 ℃, 85 ℃, 90 ℃, 95 ℃ range for the preparation of cuprous oxide product quality and observe the influence of reaction temperature on the changes of the cuprous oxide powder sample. We found that when the temperature is below 85℃, there are impurities or polymerization in the sample powder of cuprous oxide powder sample, the lower the temperature, the more impurities or polymerization. This may be due to the fact that the intermediate product of the reaction, Cu2SO3, has incomplete hydrolysis at a low temperature or the grinding is not sufficient. When the temperature is higher than 85℃, as well as, there are impurities or polymerization in the sample powder of cuprous oxide powder sample, this may be due to the fact that the intermediate product of this reaction cannot be converted into a product at a higher temperature. From the apparent phenomena of the reaction, the color of the solution is dark green at the temperature of 75℃, there is a large amount of unreacted Cu 2+ in solution, the color of the product is brick-red after cleaning and drying. The color of the solution is lighter in at the temperature of 85℃, the content of the unreacted Cu 2+ decreased, the color of the product is brick-red after cleaning and drying. The color of the solution is light green in at the temperature of 90℃, there is a small amount of unreacted Cu 2+ in the solution, the color of the product is prunosus after cleaning and drying. The experiment result shows that cuprous oxide powder has the best effect on particle size and evenness at the temperature of 85℃.
The Effect of the Reaction Concentration on the Experiment
Reaction temperature is 85 ℃, reaction time is 90 min, control of reaction system pH = 4.5, dosage of buffer solution was 2.0 mL, condition of the same circumstances. When the concentration of sodium sulfite and copper sulfate is 1.0 mol/L, 1.5mol/L, 2.0mol/L, the effects of sodium sulfite and copper sulfate concentration on the quality of cuprous oxide were studied. At the condition of the temperature 85℃, the reactant concentration of 1.5mol/L or 2.0mol/L, we found that there are also impurities or polymerization in the cuprous oxide powder, and the particle cuprous oxide powder is not even. The cause of the result is the solution of the reactant is oversaturated, thereby can't completely react. And the higher the concentration, the more serious the phenomenon. The experimental results indicate that cuprous oxide powder has the best effect on particle size and evenness at the temperature of 85℃ and the concentration of 1.0mol/L. Figure 5 is differential thermal analysis and figure 6 is thermogravimetric analysis curve of cuprous oxide powder in the best conditions. In the figure, the TE is the temperature coordinate, the left DTA is the change of enthalpy. Curve 1 is the differential thermal curve, or DTA curve. Curve 2 is the temperature change curve, the TE curve. In the figure, the Te is the starting point for extrapolation, the Tm is peak, Tc is the termination point for extrapolation. The initial amount of the sample is 5mg. As you can see in the figure, the Te is 389.0℃，the Tm is 433.1℃，Tc is 441.9℃, therefore, the sample powder is endothermic in the process of temperature rise. It can be seen that there is an obvious heat absorption peak between 389.0℃and 441.9℃ during the differential thermal process from the curve. That means that there's a phase change reaction. Then the DTA data change stops and the reaction stops. This is due to the lack of calcinations of the cuprous oxide, and some of the phase transition reactions are not sufficient. But it also shows that the phase change reaction is not very large, and the tested cuprous oxide sample powder has high temperature stability. According to the figure, the optimal decomposition temperature of this sample powder is about 433.1℃. In the figure, the Te is the starting point for extrapolation, the Ti is inflection point, the Tc is the termination point for extrapolation, the dw is mass loss. Curve 1 is the temperature change curve, the TE curve. Curve 2 is the thermogravimetric curve, namely the TG curve. The figure shows that Te is 240.3℃,Ti is 262.5℃,Tc is 305.4℃, and the loss weight is 1.64mg, and the total quantity is decreased by 27.29 percent. When the temperature reached 240.3℃, as the temperature rises, the quality of the powder sample decreases constantly. When the temperature reached 427.9℃, the quality of powder samples is no longer reduced, that means the powder sample has been complete decomposition. The graph line is straight, which also indicates that the phase change reaction is not large, and the tested cuprous oxide sample powder has high temperature stability.
Differential Thermal Analysis and Thermogravimetric Analysis
The Surface Analysis
In this paper, the selection of test samples is based on the analysis results of the particle size analyzer, and the concentration of copper sulfate and sodium sulfite as 1.0mol/L, temperature is 85℃, in this conditions which the samples are homogeneous, impurities and reunite less.
The adsorption capacity of each relative pressure is the adsorption isotherm. There are many ways to find the saturation adsorption capacity of monolayer, the most commonly used is the BET equation. Specific surface area is the surface area per gram of solid matter. The larger the surface area, the finer the powder. There are many ways to determine the surface area, and the choice of this paper is the BET multipoint method, which is a relatively accurate method. The experimental results indicate that the sample size of the cuprous oxide powder with a reaction temperature of 85℃ and the reaction concentration of 1.0mol/L is larger than the surface area, and it is a powder sample with small particle size and even.
Conclusions
In this paper, a single variable method is used to study the effect of various factors on the formation of powder particle size. The effects of reaction temperature and the time and the reactant concentration on experimental results are investigated, obtaining finally the optimum experimental conditions. The power were further analysis in thermogravimetry, differential thermal the surface analysis, pore volume and pore diameter, we found that the cuprous oxide powder were up to the demand in a reaction temperature of 85℃ and the reaction concentration of 1.0mol/L. It can provide important technical basis for industrial production. The cuprous oxide purity of this method is above 98%, the powder color is purple, it is not easy to be oxidized in the air, and the particle size should be less than 50μm. So using chemical precipitation, therefore, can be more ideal micro powder cuprous oxide, and with raw materials are easy to get, requirements for equipment is low, easy to operate, the advantages of product purity to provide important technical basis for industrial production.
